S ( -) Cyclophosphamide, Absolute Configuration, X-Ray Diffraction Methods (-) Cyclophosphamide (1) crystallized from tetrachlorom ethane in the triclinic space group P I with cell dimensions a = 10.500 (4) Ä, b = 10.490 (4) Ä, c = 10.761 (4) A, a = 110.0 (2)°, ß = 11 0.0(2)°, y = 1 0 8.9(2)°. T hree molecules are contained in the u nit cell. The X-ray analysis was based on diffractom eter m easurem ent of 2635 independent reflections and the structure was solved by Patterson and direct methods. The final R and R w factors after full-m atrix least-squares refine m ent are 0.0717 and 0.0677, respectively. The absolute configuration is S based on Ham ilton's 7?-factor ratio test. The oxazaphosphorinane ring exists in a chair form with the bis-/?-chloroethylamino group in equatorial position and about perpendicular to and bisecting the O -P -N plane.
Introduction
Cyclophosphamide (1, Cytoxan, Endoxan, NSC-26271, 2 -(bis-/?-chloroethyl) am ino-2 -o x o -1 ,3 ,2 -oxazaphosphorinane is a powerful, clinically tested and applied cancerostatic a g e n t1. The stereoselective consumption of I by h u m an s2 and differentiated cytotoxic activity of its enantiomeric form s 3 against ADJ/PC6 plasma cell tum our in m ice4 suggest that the configuration around phosphorous atom is an im portant factor in the metabolic process of 1. These results prompted us to carry out the below described single crystal X-ray analysis of (-) 1 in order to supply inform ation about structure -func tion relationships. An X-ray study of racemic 1 has been described previously 5.
Experim ental
(-) 1 crystallized from tetrachloromethane in the form of stout, irregular prisms. Space group sym metry and cell constants were derived by photo graphic and diffractom eter techniques and are gathered in Table I . Owing to rather high therm al motion of the molecules in the crystal lattice, the X-ray intensities fell of rapidly with glancing angle 0 and therefore only 2635 data could be collected (@max = 5 8°) using an automated STOE four circle diffractometer equipped with a fine focus tube (Cu K,,,, N i-filter). Data were corrected for geometri cal factors but not for absorption (size of crystal only 0.3 x 0.3 X 0.5 mm3) , standard deviations were assigned according to counting statistics6 and the data were finally converted to normalized structure amplitudes. The structure was solved by direct methods (M ULTAN7), 'but since only the positions of P and Cl atoms were apparent from an E-map, they were confirmed against a sharpened Patterson map and then successive Fourier maps were calcu lated which finally allowed us to deduce the whole structure. In order to establish the absolute con-figuration of (-)1 , coordinates and anisotropic tem perature factors were refined by least squares techniques8 for both models (x , y, z ) and the enantiom orph (x, y , 2 ) with proper inclusion of anom alous scattering contributions from Cl and P atoms 9. Final weighted discrepancy indices
are 7.28% for model (x, y, z) and 6.77% for model (x, y , z ) * . On the basis of Hamilton's Ä-factor ratio te s t10, model (x, y , 2) can be excluded at a signifi cance level < 0 .0 0 5 , see Table II .
T able II. D eterm ination of the absolute configuration of ( -) -1 using H am ilton's significance test.
For both models 1 (x , y , z ) and 2 (x , y , z ) the R-factors a r e : Model 1.
R 2 = 0.0766 R w2 = 0.0728 where
and R w are a measure of the agreement between a set of observed structure am plitudes F 0bs and a set of calculated structure am plitudes F Cai; w is a set of weights; m>=1/o 2, where a 2 is the variance of Fobs • T he Ä-factor ratios are:
In our case for the "dimension of hypothesis" , 6 = 1; the "num ber of reflections" , n = 2635; the "num ber of refined param eters" , n = 376; and "significance level" , a = 0.005. Both /M aotor ratios # and # w are greater than the #-factor ratio of 1.0018. Therefore for N l = 2259 and a = 0.005, m odel 2 can be rejected at a level < 0 .0 0 5 (99.5% proba bility) .
Results and Discussion
Final atomic coordinates for (-) 1 are listed in Table III . Tables IV to VI display geometrical data calculated from the entries in Table III . The structure * A list of observed and calculated structure factors may be obtained from the authors.
of (-)1 is presented in Fig. 1 . The configuration around the phosphorous atom is S, the complete description of the molecule is S(-)cyclophosphamide. The packing of the molecules within the unit cell is described in the stereo view Fig. 2 . It is rem arkable that within the unit cell ( = the asymmetric unit in this space group) three indepen dent molecules are assembled which show identical conformations with torsion angles not deviating more than 3 o. The molecules are linked via hydrogen bonds N (6) -H -• * 0 ( 7 " ) , 2.891 Ä; N (6') -H-• 0 ( 7 ) , 2.893 Ä and N (6 ") -H-• -0 ( 7 ') , 2.878 Ä, i. e. each molecule acts simultaneously as a hydrogen bond donor and acceptor.
The cyclophosphamide molecules in the present investigation have sim ilar geometry as discussed for the crystal structure of the racem ate5 with only onetorsion angle different. (8) 293 (8) 284 (8) 192 (7) 190(7) 214(7) The bis-/?-chloroethylamino group displays nearly mirror-symmetry, Fig. 2 . The torsion angles about the N -C bonds, P ( l ) -N ( 8 ) -C ( 9 ) -C ( 1 0 ) and P ( l ) -N ( 8 ) -'C ( l l ) -C (12) are opposite, at -104° and 97° but the orientations about the ethyl bonds, N -CH2 -CH2 -Cl, are both tr a n s .
From the close structural relationship between the three S (-) 1 molecules one could conclude that they exist in a rather constrained conformation. A comparison with the crystal structure of the racemic ( ± ) 1 (Tables V -VII) shows that the six-membered oxazaphosphorinane ring and its substituents N (8 ), C(9) and C ( l l ) have nearly identical geometry but the conformation about the N (8) -C(9) bond is different, with the torsion angle P ( l ) -N (8) -C(9) -C (10) at 103°. This brings the two /?-diloroethyl groups into a propellerJike orientation with nearly twofold rotational symmetry, Fig. 2 . Thus the oxazaphosphorinane moiety appears to be rather rigid but rotation does accur about the N -C bonds. 
